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@ A camera system having a lens unit (100A) 
provided with an actuator (107,108,109) for changing 
the state of an optical system by driving a driving 
part and a driving circuit (110,111,112) which drives 
the actuator (107,108,109) on the basis of a driving 
control instruction signal supplied in a given period- 
icity from a control circuit disposed on the side of a 
camera body (100B). The lens unit (100A) is char- 
acterized in that the actuator driving timing of the 
driving circuit is arranged to differ from the timing at 
which the driving control instruction signal is sup- 
plied from the control circuit to the driving circuit. 


I 113 IH 


F I G.4 ousiutODinoQB 

I r" ■ 



"1 


j IMAGE XXStBIZO m 

— in 1 ^ 


i 


mm- 

COKPl/Tffl 


BNSDOCID: <EP 067991 8A1J_> 


Rank Xerox (UK) Business Services 

(3. 10/3. 09/3. 3. 4t 


1 EP 0 679 918 A1 2 


Background of the Invention: 

Field of the Invention: 

This invention relates to a camera which is 
advantageously adapted to a camera system hav- 
ing an automatic focusing (hereinafter referred to 
as AF) device. 

Description of the Related Art: 

The technology in the field of picture taking 
apparatuses such as cameras and others has re- 
cently advanced to a conspicuous extent. As a 
result, the video cameras and the like have come 
to be equipped with automatic focusing devices, 
automatic exposure control devices, etc. in general. 

Fig. 1 of the accompanying drawings shows in 
a block diagram and by way of example the ar- 
rangement of a so-called passive type automatic 
focusing (AF) device. The passive type AF device 
is arranged to detect the focused state of an optical 
system from an image signal obtained by photo- 
electric converting an object's image which is 
formed through the optical system. 

Referring to Fig. 1, a first lens group 101 is 
provided for focus adjustment. A second lens 
group 102 is provided for zooming. A third lens 
group 103 is provided for correcting a change in a 
focal point resulting from zooming. A fourth lens 
group 105 serves as an image forming system. 
The illustration includes an image sensor 120; an 
amplifier 121 which is arranged to amplify a signal 
output from the image sensor 120; a high-pass 
filter 122; and a microcomputer 123 (hereinafter 
referred to as AF microcomputer) which is ar- 
ranged to perform AF control and to produce 
instructions for driving a motor. A driver 110 is 
arranged to supply a motor 107 with energy in 
accordance with the instruction of the AF micro- 
computer 123. The motor 107 is arranged to shift 
the position of the focusing lens group 101 under 
the control of the driver 110. A transmission line 
1201 is provided for transmitting the instruction of 
the AF microcomputer 123. A boundary line 1202 
indicates a boundary between a camera part and a 
lens part. 

In the passive type AF system which is ar- 
ranged as shown In Fig. 1, an Image which has 
passed through an optical system is first converted 
into an electrical image signal by the Image sensor 
120. The electrical signal is amplified by the am- 
plifier 121. The amplified image (or video) signal is 
supplied to the high-pass filter 122. At the high- 
pass filter 122, a high-frequency component of the 
image signal which is related to focusing within the 
signal is alone taken out. The high-frequency com- 
ponent thus taken out is supplied to the AF micro- 
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computer 123. It is known that the high-frequency 
component of an image or video signal generally 
increases its level accordingly as the optical sys- 
tem is adjusted closer to an in-focus position. The 

5 relation of the high-frequency component to the 
focusing lens position of the optical system is as 
shown in Fig. 2. Referring to Fig. 2, the level of the 
high-frequency component of the video signal 
which is shown on the axis of ordinate changes 

70 accordingly as the position of the focusing lens 
(shown on the axis of abscissa) Is shifted. The high 
frequency component reaches a maximum level 
when the tens reaches an in-focus position for a 
distance to an object. Therefore, for an AF action, 

75 the AF microcomputer 123 is arranged to apply a 
lens driving instruction to the driver 110 via the 
transmission line 1201 In .such a way as to cause 
the^ high-pass filter 122 to produce its output at a 
maximum level. In accordance with the instruction 

20 from the AF microcomputer 123, the driver 110 
generates a sufficient amount of energy for driving 
the motor 107 to rotate. 

The above-stated arrangement of the AF sys- 
tem necessitates the AF microcomputer 123 to 

25 form a driving signal wave form for driving the 
motor 107. The motor driving signal can be formed 
by various methods including: A method of control- 
ling the speed of the motor by adjusting a voltage 
to be applied to the motor; and another method 

30 wherein the motor speed is controlled with a signal 
of a periodic driving wave form, such as a duty 
driving wave form for a DC motor, by exciting the 
motor only for a period during which the signal is in 
an on-state. However, the former method necessi- 

35 tates the applied voltage to be lowered In the event 
of a low speed. It is therefore impossible to obtain 
a sufficient torque at a low speed. In view of this, 
the latter method of performing the duty control is 
employed In general. In the case of the duty con- 

40 trot driving method, since the motor control is per- 
formed within an AF control program, the period of 
the above-stated driving wave form is in synchro- 
nism with the program repeating period of the AF 
microcomputer 123. Therefore, the AF system us- 

45 ing this driving signal wave form has been em- 
ployed for most of the apparatus of varied kinds. 

There has recently been proposed many inter- 
changeable lens systems that permit interchange 
of lenses by separating the lens part from the 

50 camera part at the boundary 1202 white leaving the 
basic arrangement of the AF system unchanged 
from the state as shown in Fig. 1. 

It is necessary, for smooth introduction of the 
interchangeable lens system of a video camera into 

55 the field of consumer appliances, to arrange the 
lenses to be interchangeable without causing any 
inconvenience in terms of operation. In the field of 
consumer appliances, the camera must be ar- 
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ranged to automatically perform aperture control 
and focus control. Therefore, the interchangeable 
lens system must be also arranged to cause no 
impediment to the automatic operation. 

As regards a difference between the TV sys- 
tems adopted in different areas of the world, a lens 
sold in the area of the NTSC system can be used 
without any problem in combination with a video 
camera of the PAL system as the interchangeable 
. ^ lens system of a single-lens reflex camera is ir- 

relative to the TV system. A converse combination 
also presents no problem. Therefore, the inter- 
changeable lens system of a video camera is pref- 
erably arranged to be interchangeable with that of 
a video camera conforming to a different TV sys- 
, tem for saving the users from being confused. 

4,, Generally, the apparatuses of this kind are ar- 

ranged to control the lens according to control 
information ^obtained from the camera body. For 

.^•^ this purpose, the video camera is also arranged to 

control the AF motor driving action in a cycle of 
field periods or in a cycle which is an integer times 
as much as the field cycle. 

However, the above-stated system presents the 
following problem: Fig. 3 shows the vertical syn- 
chronizing (hereinafter abbreviated as sync) signal 
of a video signal which is obtained with the pro- 
gram repeating period of the AF microcomputer 
123 arranged to be equal to the vertical sync 
period (50 Hz) of the PAL system which is one of 
known TV systems and the period of the driving 
signal wave form to be equal to the program re- 
peating period of the AF microcomputer 123. The 

-S'.. vertical sync signal of the video signal is shown in 

relation to the change-over timing of the motor 
driving wave form of the conventional system de- 

I scribed In the foregoing. The illustration includes 

li the verticaLsync signal 201 which is included in the 

u video signal- of the PAL system; the vertical sync 

signal 203 -:of the NTSC system; and the motor 
driving signal wave form 1401 . 

As apparent from Fig. 3, the motor driving 
signal 1401 is in a pulse wave form which is 
formed in synchronism with the vertical sync signal 

^ 201 of the PAL system. As mentioned in the fore- 

going description of the conventional system, the 
period of the motor driving signal 1401 is governed 
by the program repeating period. Therefore, If the 
algorithm of forming the driving signal wave form is 
used as it is for the vertical sync signal of the 
NTSC system, the motor driving signal would be 
synchronized with the vertical sync signal 203 of 
the NTSC system. In other words, the signal 
comes to have a shorter period and shorter ON 
time than the motor driving signal 1401 which is in 
synchronism with the vertical sync signal of the 
PAL system. The period and the ON time of the 
motor driving signal wave form should be deter- 


mined according to the characteristic of the motor 
107 which is disposed within the lens unit. There- 
fore, if this driving wave form is formed by the AF 
microcomputer 123 which is disposed on the side 

5 of the camera body in the interchangeable lens 
system, the possible kinds of interchangeable lens 
is not only limited by the TV system but also 
necessitates the motor to be designed to ensure an 
accurate driving action which is apposite to the 

70 period and ON time of every signal produced on 
the side of the camera body. 

Further, it would be also impossible to obtain a 
correct wave form unless the AF program repeating 
period is limited. As a result, the design latitude for 

75 the system as a whole would be greatly impaired. 
The freedom of choosing any desired combination 
which Is the basic purpose of the interchangeable 
lenses would be denied. Besides, It would greatly 
increase the cost of the system. 

20 There Is no Interchangeabtlity between different 

TV systems in respect of signal processing. More 
specifically, the camera of the NTSC system,' that 
of the PAL system and that of the SECAM system 
have no interchangeabillty In terms of signal pro- 

25 cessing as they differ in field frequency from each 
other. In the present situation, therefore, both the 
lens and the camera must be arranged to match 
the local TV system. This problem has made It 
difficult for both the users and the manufacturers to 

30 smoothly introduce an interchangeable lens sys- 
tem. 

Summary of the Invention: 

35 It is a first object of this invention to solve the 

above-stated problem. 

It is a second object of the invention to provide 
a camera system which has interchangeabillty be- 
tween a plurality of different TV systems. 

40 It Is a third object of the invention to provide a 

lens system which is applicable in common to a 
plurality of different signal processing systems of 
Interchangeable lens type cameras. 

It is a fourth object of the invention to provide a 

45 camera system arranged to be capable of control- 
ling various driving means provided on the side of 
a lens unit for automatic focusing (AF) and auto- 
matic exposure control (hereinafter referred to as 
AE) actions, etc. irrespective of the signal process- 

50 Ing method employed on the side of a camera 
body. 

It is a fifth object of the invention to provide a 
lens system which permits selection of a lens driv- 
ing motor as desired irrespective of the operating 
55 condition of an AF control microcomputer by ar- 
ranging the frequency of a motor driving signal 
wave form for driving means disposed on the side 
of the lens to be not synchronous with the program 
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repeating period of the AF control microcomputer. 

Under this object, a lens unit having an ac- 
tuator for driving a driving part which shifts the 

! position of an optical system and driving means for 

! driving the actuator on the basis of a driving control 

I instruction supplied in a given periodicity from a 

camera body is arranged according to this inven- 
tion to set the actuator driving timing of the driving 
means to be different from timing at which the 
control instruction is supplied from the camera 
body to the driving means. 

It is a sixth object of the invention to improve 
the responsivity of a driving system disposed on 
the side of a lens unit of a camera system. 

Under that object, a lens unit embodying this 

y,. invention as a preferred embodiment thereof com- 

c prises an actuator which drives a driving part to 

- , change the position of an optical system and driv- 
ing means which supplies a driving signal in a 

> given periodicity to the actuator on the basis of a 

driving control signal supplied from control means 

I disposed on the side of a camera body. The lens 

unit according to the invention is arranged to 
change the driving state of the actuator in pref- 
erence to the end of a period of the driving signal 
when the driving control signal is received from the 
control means. 

It Is a seventh object of the invention to provide 
a lens unit or a camera system wherein, before the 
driving direction of an actuator for driving a driving 
part which is arranged to vary the position of an 
optical system Is reversed, brake is applied to the 
driving part for a given period of time to ensure 
smooth driving. 

It is an eighth object of the invention to "provide 
a camera wherein, in sending a driving control 
instruction to driving means which drives an ac- 
~. tuator to vary the state or position of an optical 

system to change the actuator driving state of the 
driving means, information on the change is stored 

_K by storing means, and a driving action actually 

performed is compared with the stored information 
on the driving control instruction, so that control 
can be accurately accomplished. 

v-^: It is a ninth object of the invention to provide a 

camera wherein: a driving signal for an actuator 
which shifts the position of a lens is controlled to 
be in a periodicity which differs from the actual 
operation periodicity of an AF circuit which is ar- 
ranged to determine and control an AF state, so 
that a lens part can be designed Irrespectively of 
the structural arrangement and the operating con- 
ditions of the AF (determining and controlling) cir- 
cuit and that the actuator can be accurately driven 
according to a lens shifting speed designated by 
the AF circuit, and, when an instruction for a 
change in the state of lens shifting is issued by the 
AF circuit and accepted, a current lens shifting 


action Is brought to a stop and steps of resetting 
lens shifting conditions are executed, so that the 
AF performance of the camera can be prevented 
from being deteriorated. 

5 It is a tenth object of the invention to provide 

an interchangeable lens, a camera or a camera 
system including the interchangeable lens which is 
applicable to cameras of different TV systems and 
permits apposite lens control by detecting the sig- 

10 nal processing method employed by the camera, 
so that its interchangeabillty can be ensured for 
any of different TV systems. 

Under this object, a lens unit which is de- 
tachably mountable on a camera body and Is ar- 

75 ranged according to the invention as a preferred 
embodiment thereof comprises: driving means for 
varying the optical characteristic of the lens unit; 
determining means for determining the characteris- 
tic of control information received from the camera 

20 body; and control means for changing the driving 
characteristic of the driving means in accordance 
with the result of determination made by the deter- 
mining means. 

A camera which is arranged to permit a lens 

25 unit to be detachably mounted as desired thereon 
and embodies one feature of the invention is pro- 
vided with communication means which includes 
transmission means for transmitting, to the lens 
unit, control information required for controlling and 

30 varying the optical characteristic of the lens unit 
and receiving means for receiving information on 
the state of control from the lens unit. The trans- 
mission means is arranged to send, to the lens 
unit, identification information indicating the signal 

35 processing method of the camera body along with 
the control information. 

A camera system which has a camera body 
and a lens unit arranged to be detachably mount- 
able on the camera body and which embodies 

40 another feature of the invention comprises: trans- 
mission means for transmitting control Information 
which is produced for varying and controlling the 
optical characteristic of the lens unit and includes 
identification Information indicating the signal pro- 

45 cessing method of the camera body; driving means 
which is arranged within the lens unit to vary the 
optical characteristic of the lens unit; control means 
which is arranged also within the lens unit to con- 
trol the driving means according to the control 

50 information supplied from the camera body; and 
control characteristic varying means which is in- 
cluded in the control means and is arranged to 
vary the control characteristic of the driving means. 
It is a further object of the invention to provide 

55 an interchangeable lens system which is arranged 
to give perfect interchangeability of lens units 
among camera systems of different signal process- 
ing methods and is applicable in common to the 
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TV cameras of different signal processing systems 
of the whole world. To attain this object, a camera 
system to which the interchangeable lens system 
is applied according to this invention is arranged to 
detect, on the side of a lens unit, the TV system 
employed on the side of a camera body; and to 
change, according to the TV system detected, a 
driving algorithm which is employed on the side of 
the lens unit. This arrangement enables the camera 
y , system to drive the lens at a given speed and to 

prevent any deterioration of characteristics, faulty 
' actions, etc. that result from a discrepancy in signal 

- ■ processing method between the camera body and 

the lens unit. 

These and other objects and features of the 
^/ invention will become apparent from the following 

^ detailed description of embodiments thereof taken 

in connection with the accompanying drawings. 

^'r Brief Description of the Drawings: 

Fig. 1 is a block diagram showing the conven- 
tional camera. Fig. 2 is a graph showing an AF 
control action. Fig. 3 is a chart showing the wave 
form of a motor driving signal obtained by the 
conventional system. 

Fig. 4 is a block diagram showing a first em- 
bodiment of this invention. Fig. 5 is a chart showing 
the wave form of a motor driving signal obtained by 
the first embodiment. Fig. 6 is a block diagram 
showing a second embodiment of the invention. 
Fig. 7 is a chart showing the wave form of a motor 
driving signal obtained by the second embodiment. 

r\ Fig. 8 is a flow chart showing the control operation 

• of a third embodiment of the Invention. Figs. 9 and 

10 show the wave form of a motor driving signal 

^, obtained by the third embodiment. Fig. 11 is a flow 

1 chart showing the control operation of a fourth 

embodiment: of the Invention. Fig. 12 is a chart 
showing ther* wave form of a motor driving signal 
. obtained byathe fourth embodiment. Figs. 13 and 

^ \4 are flow -charts showing the control operation of 

a fifth embodiment of the invention. Fig. 15 is a 
block diagram showing a camera system which Is 

5-/ - arranged according to this invention as a sixth 

^ embodiment thereof 

, Fig. 16 is a timing chart showing the format of 

information communication to be made between a 
camera body and a lens unit. Fig. 17 shows the 
structure of control data to be sent from a camera 
body to a lens unit and that of detection data to be 
sent in replay from the lens unit to the camera 
body. Fig. 18 shows an AF action. Figs. 19 and 20 
show in a timing chart a signal for driving an AF 
motor disposed on the side of the lens unit. Fig. 21 
is a flow chart showing a control algorithm ar- 
ranged in accordance with this invention. Fig. 22 Is 
a look-up table provided for speed control data. 


Fig. 23 shows an AE (automatic exposure) control 
performed in accordance with this invention. 

Detailed Description of the Preferred Embodiments: 

5 

First embodiment: 

The following describes in detail and with refer- 
ence to the accompanying drawings a camera 

10 which is arranged according to this invention as a 
first embodiment thereof: Fig. 4 shows in a block 
diagram the arrangement of the camera. In Fig. 4, 
all component parts functioning similarly to compo- 
nent parts shown in Fig. 1 are Indicated by the 

75 same reference numerals and symbols and the 
details of them are omitted from description. 

Referring to Fig. 4, the illustration includes a 
lens unit 100A which, is arranged for an inter- 
changeable lens system; and a camera body 100B 

20 which Is Included In the same interchangeable lens 
system. The lens unit 100A is detachably mount- 
able on the camera body 100B. The lens unit 100A 
includes a diaphragm 104; a cam ring 106 which Is 
provided with a cam groove for moving lens groups 

26 1 02 and 103 while keeping them in a given posi- 
tional relation; motors 107, 108 and 109 which are 
arranged to drive the lens group 101, the cam ring 
106 and the diaphragm 104 respectively; drivers 
110, 111 and 112 which are arranged to drive the 

30 motors 107, 108 and 109 respectively; encoders 
113, 114 and 115 which are respectively arranged 
to detect the displaced degrees of the lens group 
101, the cam ring 106 and the diaphragm 104 by 
converting the displaced degrees into electrical sig- 

35 nals; a lens-side microcomputer 116 which is ar- 
ranged to form and supply driving signals to the 
drivers 110, 111 and 112 according to a driving 
Instruction received from the camera body; a trans- 
mission line 117 which is provided for transmitting 

40 the driving instruction to the lens-side microcom- 
puter 116; and a lens-side connector 118. On the 
side of the camera body 100B, there are provided 
a camera-side connector 119; and a transmission 
line 124 which is arranged to transmit the driving 

45 Instruction of a camera-side microcomputer 123 to 
the connector 1 19. 

An object's image is projected on the image 
sensing surface of an image sensor 120 which is a 
CCD or the like through the lens groups 101, 102 

50 and 103, the diaphragm 104 and another lens 
group 105. The image thus obtained is converted 
into an electrical signal in the same manner as in 
the case of the conventional system. The high- 
frequency component of the electrical signal is 

55 alone supplied to the microcomputer 123 through 
an amplifier 121 and a high-pass filter 122. Then, in 
the same manner as in the case of the conven- 
tional system described in the foregoing, the micro- 
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computer 123 produces and supplies a lens driving 
instruction via the transmission line 124, the con- 
nectors 119 and 118 and the transmission line 117 
to the lens-side microcomputer 116 in such a way 
as to bring the high-frequency component up to the 
maximum level thereof. In accordance with this 
lens driving instruction, the lens-side microcom- 
puter 116 supplies a driving signal to the driver 110 
for shifting the position of the focusing lens group 
101. 

The wave form of the driving signal supplied 
from the lens-side microcomputer 116 to the driver 
110 is represented by a wave form 202 in Fig. 5. In 
Fig. 5, other wave forms 201 and 203 respectively 
represent the vertical sync signal wave forms of TV 
signals of the PAL and NTSC systems as de- 
scribed in the /-foregoing with reference to Fig. 3. 
The motor driving signal wave form 202 is obtained 
in accordance with this invention. 

Although the program execution repeating pe- 
riod of the camera-side microcomputer 123 may be 
synchronized with a vertical sync signal in the 
same manner as in the case of Fig. 3 described in 
the foregoing, the motor driving signal wave form 
202 is changed for changing the speed of the 
motor without synchronizing the wave form neither 
with the vertical sync signal 201 of the PAL system 
nor with the vertical sync signal 203 of the NTSC 
system. The lens-side microcomputer 116 dispos- 
ed within the lens unit 100A is thus arranged to 
generate the motor driving signal wave form 202 
which is not in synchronism with the program ex- 
ecution repeating period of the camera-side micro- 
computer 123. This arrangement allows the lens 
unit to be freely designed without being restricted 
by the program arrangement of the camera-side 
microcomputer 123 and also without adjusting the 
characteristic of the motor disposed within the lens 
unit to a difference between TV systems. The lens- 
side microcomputer 116 and the motor disposed 
within the lens,*unit are arranged to have a pre- 
determined relation between a motor speed and a 
driving wave form defined, for example, in the form 
of a table arranged within the microcomputer 116. 
This arrangement enables the lens unit to perform 
a lens driving action exactly in accordance with the 
instruction of the camera-side microcomputer 123 
by just receiving from the microcomputer 123 in- 
formation on the motor speed and the motor driv- 
ing direction. In a practical application, means for 
generating the wave form of the motor driving 
signal 202 may be obtained, for example, by set- 
ting a clock signal and a program execution repeat- 
ing period to be used by the lens-side microcom- 
puter 116 independently of the camera-side micro- 
computer 123. 


Second embodiment: 

Fig. 6 shows the arrangement of a second 
embodiment of the invention. The component parts 

5 functioning similarly to the parts described in the 
foregoing are indicated by the same reference nu- 
merals and symbols used in the foregoing. Refer- 
ring to Fig. 6, motors 301 and 302 are arranged to 
shift the positions of lens groups 102 and 309 

10 respectively. The motor 302 is a stepper motor. 
Drivers 303 and 304 are arranged to drive the 
motors 301 and 302. Encoders 305 and 306 are 
arranged to detect the displaced degrees of the 
lens groups 102 and 309 by converting the dis- 

75 placed degrees into electrical signals. A lens-side 
microcomputer 307 is provided for control. A first 
lens group 308 is arranged to be stationary; The 
lens group 309 is a third lens group and is ar- 
ranged to adjust the focus which varies accordingly 

20 as the position of the lens group 102 is shifted and 
also to perform focus adjustment when the lens 
group 102 is in repose. A reference numeral 300A 
denotes the lens unit of the interchangeable lens 
system of the second embodiment. 

25 Like in the case of the first embodiment, an 

image projected on an image sensor 120 through 
the optical system is converted into an electrical 
signal. A camera-side microcomputer 123 gives a 
focusing lens driving instruction to the lens-side 

30 microcomputer 307 in such a way as to bring the 
high-frequency component of the electrical signal 
to a maximum level thereof. 

The lens group 309 of the lens unit 300A has a 
focus adjusting function. Therefore, in accordance 

35 with the focusing lens driving instruction from the 
camera-side microcomputer 123, the lens-side 
microcomputer 307 forms and supplies a driving 
signal to the driver 304. 

In cases where focus adjustment is to be made 

40 by a lens group other than the first lens group as in 
the case of the lens unit 300A. an arrangement to 
vary a lens power by shifting the position of the 
lens group 102 generally makes the correction 
locus of the lens group 309 complex. Therefore, 

45 the lens group 309 must be accurately controlled. 
To meet this requirement, the second embodiment 
uses a stepper motor as the lens driving motor 302 
as mentioned above. 

With the stepper motor 302 used for driving 

50 the lens group 309 which serves as a focusing 
lens, the motor driving signal output from the lens- 
side microcomputer 307 is arranged to have a 
wave form which is shown in Fig. 7, wherein the 
same wave forms as those shown in Fig. 5 are 

55 indicated by the same reference numerals. 

Referring to Fig. 7, reference numerals 401, 
402, 403 and 404 denote driving wave forms ob- 
tained at the terminals of a two-phase exciting 
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Stepper motor. Like in the case of the first embodi- 
ment, the clock signal and the program execution 
repeating period of the lens-side microcomputer 
307 are arranged independently of the camera-side 
microcomputer 123. Hence, the motor driving sig- 
nal wave form of the microcomputer 307 is not in 
synchronism neither with the vertical sync signal 
201 of the PAL system nor with the vertical sync 
signal 203 of the NTSC system. The arrangement 
enables the lens-side microcomputer 307 to gen- 
erate the driving signal wave form solely on the 
basis of driving speed and direction information 
obtained from the camera-side microcomputer 123. 
More specifically, a table of a plurality of different 
periods of motor driving signal wave forms which 
correspond to possible control instructions to be 
received from the camera body is arranged within 
the lens-side microcomputer 307. Upon receipt of 
an instruction, an applicable driving wave form 
which corresponds to the instruction is selected 
from the table and is supplied to the motor driver. 

Third embodiment: 

Fig. 8 shows in a flow chart a third embodi- 
ment of this invention. The flow chart includes the 
steps of a control program provided within a lens- 
side microcomputer 116 or 307. The component 
parts of the third embodiment are arranged simi- 
larly to those of the first and second embodiments. 
The third embodiment relates to a program adapt- 
ed for a case wherein an instruction for reversing 
the focusing lens driving direction is received from 
the camera-side microcomputer 123 while the pro- 
gram of the first or second embodiment is being 
executed. 

Referring to Fig. 8, the program begins to be 
executed at a step 501. At a step 502: A check is 
made for the state of a flag which indicates the end 
of a count :made by a timer provided within the 
lens-side microcomputer for forming the pulse 
wave form of the motor driving signal. At a step 
503: The operation of the timer is brought to a 
stop. At a step 504: The counted value of the timer 
is cleared. At a step 505: The count end value of 
the timer is newly set. At a step 506: The polarity 
of the motor driving signal is decided according to 
the motor driving direction indicated by the instruc- 
tion of the camera-side microcomputer 123, At a 
step 507: The timer is caused to begin its count. At 
a step 508: A check is made for arrival of the 
counted value of the timer at the count end value 
set at the step 505. At a step 509: The count end 
flag which is to be checked at the step 502 is 
turned on. At a step 510: The count end flag is 
turned off. At a step 511: The timer is allowed to 
continue its count. At a step 512: Pulses of even 
period are generated depending on the state of the 


timer. At a step 513: The pulses generated at the 
step 512 are supplied to the motor driver. At a step 
514: A speed instruction is received from the cam- 
era-side microcomputer 123. At a step 515: A 

5 direction instruction is received from the camera- 
side microcomputer 123. At a step 516: The direc- 
tion instruction is checked to find if the driving 
direction of the instruction is reverse to the current 
motor driving direction. At a step 517: A check is 

10 made for any change indicated in the speed in- 
struction. 

After the start of the program at the step 501, 
the count end flag which is arranged to indicate the 
end of the count of the timer is checked to see if 

15 the count has come to an end. If the count end flag 
is found in its on-state, it indicates that the forma- 
tion of one cycle amount of the motor driving signal 
wave form has been completed. In that case, the 
flow comes to the step 503 to temporarily stop the 

20 timer from operating. After that, the timer is reset at 
its start value at the step 504. The flow comes to 
the step 505 to newly set a timer count end value, 
i.e., a length of time for generating one cycle 
amount of the motor driving signal wave form, in 

25 accordance with a speed instruction sent from the 
camera-side microcomputer 123. After that, the po- 
larity of the motor driving signal wave form which 
determines the motor driving direction is decided 
at the step 506 according to the direction instruc- 

30 tion received from the camera-side microcomputer 
123. The timer is allowed to begin its count at the 
step 507. 

In a case where the count end flag is found to 
be in an off-state at the step 502, the timer is not 

35 allowed to restart its count. Then, the driving in- 
struction from the camera-side microcomputer 123 
is alone accepted at the steps 514 and 515. The 
flow comes to the step 516 to find whether the 
driving direction indicated in the latest instruction is 

40 the the same as the current driving direction or 
reverse thereto. In the event of the reverse direc- 
tion, the flow immediately jumps to the step 503 to 
once again form the motor driving pulses. 

Further, with the motor driving direction found 

45' to be unchanged at the step 516, if the speed 
instruction is found to have changed at a next step 
517, the flow also jumps to the step 503. 

After the timer is allowed to restart its count at 
the step 507, the flow comes to the step 508 to 

50 check the counted value of the timer for the end of 
the timer operation time set at the step 505. If the 
counted value is found to have reached the set 
time value, the flow proceeds to the step 509 to 
turn on the count end flag. After that, the flow 

55 comes back to the step 502 to repeat the same 
steps of program described above. Further, if the 
count by the timer is found not to have come to an 
end at the step 508. the count end flag is turned off 
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at the step 510. Then, at the step 511, the timer is 
allowed to continue its count for generating the 
motor driving signal according to the instruction. 
The motor driving pulse wave form is formed at the 
step 51 2 and is supplied to the motor driver at the 
step 513. The motor is driven accordingly. 

Fig. 9 shows a motor driving signal wave form 
obtained in a case where the arrangement of this 
embodiment is applied to a duty driving action on a 
DC motor. Referring to Fig. 9, a motor driving 
signal wave form 601 is formed by this embodi- 
ment. In a case where the reverse motor rotation 
detecting step 516 is omitted from the control 
algorithm of Fig. 8 and the control is to be per- 
formed in such a way as to keep the motor driving 
wave form forming state unchanged until the end of 
v. the count by the timer even if an instruction for 

reverse rotation of the motor is received from the 
camera-side microcomputer 123, the first pulse of 
the motor driving signal after the instruction for the 
reverse rotation rises at a timing as shown at a 
point 602 in Fig. 9. Assuming that the program 
execution repeating period of the camera-side 

a microcomputer 123 is in synchronism with the ver- 

tical sync signal 201 of the PAL system, the focus- 
ing motor driving instruction of the camera-side 
microcomputer 123 is produced at a timing point 
as indicated by a point 603. In the case of Fig. 9, 
the motor driving direction Is assumed to be re- 
versed at a point "a" and the speed to be changed 
at a point "b". Further, in the event of a control 
method whereby the speed change detecting step 
517 is omitted from the program of Fig. 8 and the 
motor driving wave forming state is kept un- 
changed until the end of the count by the timer, the 
first pulse after the speed change instruction rises 
at a timing as indicated by a point 604. 

^ As apparent from Fig. 9, when the focusing 

. motor driving instruction is changed, the steps 516 
and 517 which are provided for detecting the 
change enablevthe lens unit to immediately drive 
the lens in response to the instruction received 
from the camera-side microcomputer 123. This not 
_ , .. . only improves the response speed of the lens unit 
but also prevents the camera-side microcomputer 
^ 123 from performing a faulty action by producing a 
further instruction by mistake with the change not 
carried out in response to the instruction for the 
change. 

Further, in accordance with the algorithm of 
this embodiment, the control is arranged to be 
restarted from the step 503 even when, for in- 
stance, the speed and direction changing instruc- 
tions are simultaneously issued. Therefore, in this 
instance, the rotating direction arid speed of the 
motor can be simultaneously changed. 

Fig. 10 is a time chart showing the operation of 
the third embodiment performed by using the step- 


per motor. In Fig. 10, reference numerals 701, 702, 
703 and 704 denote motor driving signal wave 
forms obtained by the embodiment. Wave forms 
705, 706, 707 and 708 indicated by broken lines 

5 represent motor driving signal wave forms obtained 
in accordance with a program in which the steps 
516 and 517 of the control flow of Fig. 8 for 
detection of instructions for changing the motor 
rotating direction and speed are not included. It is 

10 apparent from the illustration that such a program 
causes a delay in timing as the motor driving signal 
wave form is not changed in response to the 
change instructions until completion of the motor 
driving cycle. Whereas, in the case of the embodl- 

75 ment, the direction and speed can be immediately 
changed even when the instructions are simulta- 
neously issued at a time point 603 for changing the 
rotation and the speed. 

20 Fourth embodiment: 

Fig. 1 1 Is a flow chart showing a program set 
within the lens-side microcomputer of a system 
which is arranged as a fourth embodiment of the 

25 invention. The system arrangement required for 
this program is the same as the system of Fig. 4 or 
Fig. 6. In Fig. 11, the steps provided for the same 
actions as in the case of the flow chart of Fig. 8 are 
indicated by the same step numbers. The program 

30 of the fourth embodiment is arranged to improve 
the responsivlty of the system in reversing the 
motor driving direction. 

Referring to Fig. 11, the program includes the 
following steps in addition to the steps of Fig. 8 

35 which are described in the foregoing: A step 801 
which is provided for declaration of a start of the 
program; a step 802 for actuating a timer which is 
arranged to count a length of time of brake applica- 
tion to the motor when an instruction for determin- 

40 Ing the motor driving direction is produced at the 
step 516 at which a check is made for the pres- 
ence or absence of a motor-driving-direction 
changing Instruction; a step 803 for brake applica- 
tion to the motor by short-circuiting the terminal of 

45 • the motor; and a step 804 for making a check for 
the end of the count by the above-stated brake 
counter (or timer). Other steps are the same as in 
the case of Fig. 8 and therefore are omitted from 
description. 

50 In the case of the third embodiment, the polar- 

ity of the motor driving signal or, if the motor is a 
stepper motor, the' phase of the motor is imme- 
diately changed upon receipt of an Instruction from 
the camera-side microcomputer for reversing the 

55 lens shifting direction. In accordance with the ar- 
rangement of the third embodiment, the motor driv- 
ing signal can be immediately inverted. However, it 
requires a long period of time before the move- 
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ment of the lens actually comes to a stop for 
commencement of its reverse movement. In other 
words, the lens cannot immediately reverse its 
movement in response to the change instruction of 
the camera-side microcomputer because of the 
speed of the lens at which it has been shifted 
before receipt of the instruction; the inertia of the 
lens; and variations of the period and duty ratio of 
the motor driving signal obtained after the revers- 
ing instruction. With the instruction not immediately 
responded by the lens, the camera-side microcom- 
puter produces an instruction for a greater speed. 
The lens becomes able to begin its reverse move- 
ment by then and comes to move in response to 
. . the new instruction for a greater speed. This results 

^ - in overshooting a correct lens position. Then, to 

correct it, another instruction for reverse driving is 
issued and -the so-called hunting tends to result 
from this. 

>^ The fourth embodiment is arranged to com- 

pensate for this in the following manner: When the 
lens-side microcomputer receives the reversing in- 
struction, the polarity or phase of the motor driving 

v, - signal is not immediately changed but, before re- 

versing the rotating direction of the motor, the 
motor is brought to a stop by applying the brake 
by short-circuiting the motor terminal. 

The flow of the program of this embodiment 
after the count end flag is found to be in an on- 
state at the step 804 is identical with the flow of the 
program of the third embodiment shown in Fig. 6. 
Further, even when the count end flag is found to 
be in an off-state, the flow of the program becomes 

h?. the same as in the case of the preceding embodi- 

ment shown in Fig. 3 if the driving instruction from 
the microcomputer 1 23 does not indicate a reverse 
motor driving direction. 

^ Referring to Fig. 11, if a reversing instruction is 

found to have been received at the step 516, the 
timer which is provided for brake application over a 
given period of time begins its count at the step 
802. The length of braking time is set at a plurality 
of different values for different lens shifting speeds. 
One of the different braking time values is selected 
- according to the lens shifting time desired. More 
^ specifically, a table of braking time values in cor- 

.\ . . relation with the lens shifting speed values is set 

beforehand within the microcomputer. The brake is 
applied by short-circuiting the motor terminal at the 
step 803. At the next step 804, a check is made for 
the end of the braking time. If the braking time is 
found not to have expired as yet, the flow comes 
back to the step 803 to allow the brake application 
to continue. If the braking time is found to have 
expired, the flow comes back to the step 503 to 
begin the driving action in the reverse direction. 

Fig. 12 is a timing chart showing the motor 
driving signal formed by the fourth embodiment 


shown in Fig. 11. Referring to Fig. 12. a driving 
signal wave form 901 is formed by the program of 
Fig, 11. A reference numeral 902 denotes a braking 
period. As apparent from Fig. 12, when a reversing 

5 instruction is issued at a point of time 603, the 
brake is immediately applied and the motor driving 
signal for driving in the reverse direction is pro- 
duced after the expiration of the predetermined 
braking period. 

10 While the braking period is arranged to be set 

by means of the timer in the case of Fig. 11, the 
braking period can be set by means of the position 
encoders which are shown in Figs. 4 and 6. In that 
instance, the brake application is allowed to con- 

75 tinue until the movement of the lens is found to 
have come to a stop through the output of the 
position encoder and a reversing signal is pro- 
duced after confirmation of the stop. 

In each of the third and fourth embodiments, 

20 the count by the timer is arranged to be restarted 
from the beginning through the steps 503, 504, 505 
and 506 in the case of reversing the motor driving 
direction. However, if the driving system is ar- 
ranged to be adequately operable even if the width 

25 of the first pulse of the motor driving signal ob- 
tained after the inversion of the driving signal, 
these steps are omissible. 

Fifth embodiment: 

30 

Figs. 13 and 14 are flow charts showing the 
programs of a fifth embodiment of this invention. 
The program of Fig. 13 is set within the camera- 
slide microcomputer and the program of Fig. 14 is 

35 also set within the lens-side microcomputer. Refer- 
ring to Fig. 13, the program consists of steps 101 
to 1008 which are arranged as follows: Step 1001: 
The program begins to be executed. At the step 
1002, a check is made for the focused state of the 

40 optical system. At the step 1003, a check is made 
for the necessity of reversely shifting the focusing 
lens. At the step 1004, a reverse rotation flag which 
is arranged to be turned on when the lens must be 
reversely shifted is turned on. At the step 1005, the 

45 reverse rotation flag is turned off. At the step 1006, 
a speed at which the focusing lens is to be shifted 
is determined according to the focused state de- 
tected at the step 102 and an instruction for the 
speed thus determined is sent to the lens unit. At 

50 the step 1007. the direction in which the focusing 
lens is to be shifted is likewise determined and an 
instruction for the direction thus determined is sent 
to the lens unit. At the step 1008, the reverse 
rotation flag is sent to the lens unit. 

55 In Fig. 14, the flow chart includes only the 

steps to be executed when the count end flag is 
found to be in an off-state in the flow of program 
shown in Fig. 11. The rest of the program of the 


BNSDOCID: <EP 067991 8A1J_> 


17 


EP 0 679 918 A1 


18 


fifth embodiment is the same as the program of 
Fig. 11. The flow of program of Fig. 14 includes a 
step 1101 at which the reverse rotation flag is 
received; and a step 1102 at which the reverse 
rotation flag is checked for its on-state. These two 
steps are added to the steps of the steps of Fig. 
1 1 . In the case of the fifth embodiment, the cam- 
era-side microcomputer is arranged to make a 
check for reverse rotation which is made by the 
. lens-side microcomputer in the case of the third 
and fourth embodiments described in the fore- 
going. 

When the program begins to be executed at 
the step 1 001 within the camera-side microcom- 
puter, the flow of the program comes to the step 
1002 to decide the direction in which the focusing 
(lens driving) motor must be rotated in order to 
- . attain the peak level of the video signal. At the 
. . steps 1006 and 1007: The speed and the direction 
of the motor rotation are decided. The focusing 
motor is caused to rotate at a higher speed if the 
signal level is far from the peak level and at a lower 
speed if the signal level is close to the peak level 
in accordance with a predetermined algorithm. In 
this case, if it is judged at the step 1003 that the 
driving direction has been reversed, the reverse 
rotation flag is turned on at the step 1004. If not, 
the flag is turned off at the step 1005. The reverse 
rotation flag is sent to the lens-side microcomputer 
at the step 108. The lens-side microcomputer re- 
ceives the reverse rotation flag at the step 1001. At 
the step 1002: A check is made for the on- or off- 
state of the flag. If the flag is found to be on, the 
flow immediately jumps to the step 503 to change 
the polarity (or the phase) of the motor driving 
signal- 

The above-stated programs of the fifth embodi- 
• ment lessens the program load on the lens-side 
microcomputer to enhance the processing speed 
and to permit reduction in the area required for the 
^: memory thereof 

. While each of the five embodiments has been 

described as using a motor for shifting a focusing 
lens, it goes without saying that the invented ar- 
rangement is applicable also to the actuators of 
* . lenses of different kinds including a zooming lens, 

etc.. 

In accordance with this invention, as described 
in the foregoing, the driving signal for driving the 
lens shifting actuator is controlled in a cycle which 
differs from the operating cycle of a circuit which is 
arranged to determine and control the AF action. 
This enables the lens unit to be freely designed 
without being fettered by the structural arrange- 
ment and the operating conditions of the AF deter- 
mining and controlling circuit. In addition to this 
advantage, the invented arrangement also enables 
the motor to be driven appositely to the lens shift- 


ing speed designated by the AF circuit. 

Further, when an instruction for changing the 
lens shifting state (or mode) is found to have been 
produced at the above-stated AF circuit, the steps 

5 for bringing to a stop the current lens shifting 
action and for resetting the lens shifting conditions 
are executed. The AF performance, therefore, can 
be prevented by virtue of these steps from being 
deteriorated by the performance of the lens. 

10 In the case of the embodiments described, the 

objects of this invention are attained with the driv- 
ing control over the motor, i.e., driving means, 
carried out on the side of the lens unit indepen- 
dently of and not synchronously with the operation 

75 performed on the side of the camera body. In a 
sixth embodiment and ensuing embodiments of the 
invention, the characteristic of control data sent 
from the camera body is determined on the side of 
the lens unit and the characteristic of the driving 

20 means is changed according to the result of deter- 
mination. These embodiments are described as 
follows: 

Sixth embodiment: 

25 

Fig. 15 shows in a block diagram the arrange- 
ment of an interchangeable-lens type video camera 
system which is arranged as a sixth embodiment of 
the invention. 

30 Referring to Fig. 15, the illustration includes a 

lens unit LU; a camera body CU; and a mount part 
M which is disposed between the lens unit LU and 
the camera body CU. The camera system com- 
prises a photo-taking lens 1; a diaphragm 2; an 

35 actuator 3 for driving the diaphragm 2; a driver 4 
which is arranged to control the actuator 3; a D/A 
converter 5; an AF motor 6 which is arranged to 
carry out focus adjustment by shifting the position 
of the photo-taking lens 1 along the optical axis 

40 thereof; a driver 7 which is arranged to drive and 
control the AF motor 6; encoders 8 which are 
arranged to detect the state of the lens including, 
for example, the shifted position, focal length, ap- 
erture value, etc. of the lens and to produce data 

45 on them; an A/D converter 9 which is arranged to 
analog-to-digital convert the detection data output 
from the encoders 8; and a lens controlling micro- 
computer 10 (hereinafter referred to as lens micro- 
computer). The lens microcomputer 10 is arranged 

50 to read and decode the control data which is sent 
from the camera body side; to perform various 
control actions including focus adjustment, aperture 
adjustment, etc.; and to send the detection data of 
the lens state detecting encoders 8 to the camera 

55 body side. 

The lens microcomputer 10 performs focus ad- 
justment by decoding the control data sent from 
the camera body and by controlling and causing 

10 
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the driver 7 to drive the AF motor 6 to shift the lens 
1. The computer 10 is further arranged to produce 
diaphragm driving information according to the 
control data. The information is converted into an 
analog value by the D/A converter 5. The analog 
value output of the converter 5 is supplied to the 
driver 4 to cause the aperture position of the dia- 
phragm 2 controlled through the actuator 3 accord- 
ingly. 

^ The state of the lens which varies under the 

above-stated control is detected by the encoders 8. 
- The result of detection is supplied to the micro- 
V . computer 10. 

The arrangement of the camera system on the 
side of the camera body CU is as follows: An 
^ image sensor 11 is arranged to photo-electricatly 

convert an T;object's image formed through the 
photo-taking "lens 1 and produce a video signal as 
a result of the conversion. A camera signal pro- 
^ cessing circuit 12 is arranged to perform a gamma 

correction process, etc. on the video signal output 
from the image sensor 11 and to separate it into a 
luminance signal Y and a color-difference signal C. 
A camera encoder circuit 13 is arranged to receive 
the luminance signal Y and the color-difference 
signal C from the camera signal processing circuit 
12 and to convert them into a TV signal of the 
NTSC. PAL or SECAM system or the like. An 
automatic exposure control (AE) circuit 14 consists 
of an integrator 15 and an A/D converter 16. The 
AE circuit 14 is arranged to receive from the cam- 
era signal processing circuit 12 a linear luminance 
signal Y' which is not gamma-corrected; to in- 
:^ tegrate the signal Y' for one field period, i.e.. one 

picture amount of the signal Y', by means of the 
integrator 15; to convert it into a digital signal by 
^ means of the A/D converter 16; and to supply the 

. digital signal to a camera controlling microcom- 

• puter 21 (hereinafter referred to as camera micro- 
computer). 

An automatic focus detecting (AF) circuit 17 
consists of a focus detecting circuit 18 which is 
arranged to detect the focused degree of the lens 
on the basis of the amount of a high-frequency 
^,<^ component extracted by a high-pass filter (not 

shown) from the linear luminance signal Y* output 
from the camera signal processing circuit 12; an 
A/D converter 19; and a focus detecting microcom- 
puter 20 (hereinafter referred to as AF microcom- 
puter) which is arranged to detect the focused 
degree on the basis of the output of the A/D 
converter 19 and to supply the result of focus 
detection to the camera microcomputer 21. 

The camera microcomputer 21 controls the 
camera and is arranged to obtain exposure control 
data and focus data from the AE circuit 14 and the 
AF circuit 17; to compute and. obtain control data 
for the lens unit side; and to supply the lens control 
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data to the lens unit LU through a communication 
line 22 formed by the electric contacts of the 
mount part M. 

The video signal obtained from the image sen- 

5 sor 1 1 is divided by the camera signal processing 
circuit 12 into a gamma-corrected luminance signal 
Y and a color-difference signal C. After that, these 
signals are converted by the camera encoder cir- 
cuit 13 into a TV.signa! in conformity to the NTSC. 

70 PAL or SECAM system or the like. Meanwhile, a 
linear luminance signal Y' which has not been 
gamma-corrected by the camera signal processing 
circuit 12 is supplied to both the AE circuit 14 and 
the AF circuit 17. At the AE circuit 14, one field 

75 amount, i,e.. one picture amount, of the luminance 
signal is integrated, A/D converted and sent to the 
camera microcomputer 21 . The A/D converted val- 
ue of the luminance signal is compared within the 
camera microcomputer 21 'with a value predeter- 

20 mined for an apposite exposure. Information or 
data on a difference between these values found as 
a result of comparison is serially sent to the lens 
microcomputer 10 via contacts which are not 
shown but are provided between the camera body 

25 CU and the lens unit LU. At the lens microcom- 
puter 10, the value of this difference is D/A con- 
verted. The driver 4 is controlled and the dia- 
phragm actuator 3 is driven according to the dif- 
ference value. The aperture area of the diaphragm 

30 2 is changed for an apposite exposure. An AE 
(automatic exposure) control action is thus per- 
formed in a closed loop manner. The field fre- 
quency of the NTSC system is 60 Hz while those 
of the PAL and AECAM systems are 50 Hz. There- 

35 fore, in this instance, the integrating cycle of the 
integrator 1 5 is arranged to be 60 Hz for the NTSC 
system or to be 50 Hz for the PAL or SECAM 
system. The delay time of the AE control system, 
therefore, varies accordingly. The camera micro- 

40 computer 21 performs the AE control by commu- 
nicating once per field with the lens microcomputer 
10 in synchronism with the field frequency of the 
camera. Accordingly, the instruction cycle of the 
AE control system is 60 Hz in the case of the 

45 NTSC system or 50 Hz in the case of the PAL or 
AECAM system. Parameters within the control sys- 
tem vary accordingly. Generally, the integrating 
time constant of the AE control is large and brings 
about no serious problem. However, in the event of 

50 a small aperture, it influences the hunting char- 
acteristic of the motor and thus necessitates some 
changes in the characteristic of an antihunting low- 
pass filter, as will be described in detail later. 

The AF control is described as follows: The AF 

55 control is performed in accordance with a so-called 
hill climbing method which uses the video signal. 
The luminance signal Y' output from the camera 
signal processing circuit 12 is used in controlling 
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the lens position in a hill climbing manner by 
means of a high-pass filter, etc. (not shown) in 
such a way as to have a highfrequency component 
of the luminance signal obtained in a maximum 
quantity. Since this method is well known, the 
details of it are omitted from description herein. In 
accordance with this method, the focus detecting 
circuit 18 detects a signal (AF signal) which cor- 
responds to the focused state of the lens obtained 
for every field of the video camera. This signal Is 
A/D converted and is then taken into an AF micro- 
computer 20. 

The AF microcomputer 20 serially communi- 
cates with the lens microcomputer 10 via the cam- 
era microcomputer 21 for the purpose of driving 
the AF motor 6 in such a way as to increase the 
above-stated AF signal. Like the communication 
between the camera microcomputer 21 and the 
lens microcomputer 10, the communication be- 

^, tween AF microcomputer 20 and the camera 

microcomputer 21 Is conducted once per field in 
synchronism with the field frequency of the video 
camera. The encoders 8 of varied kinds of the lens 
unit LU detect and obtain information required in 
varying the depth of field, the depth of focus, etc. 
and supply the Information or data thus obtained to 
the AF microcomputer 20 through the serial com- 
munication. The encoders are thus used in select- 
ing an apposite speed of the AF motor 6 for the 
purpose of keeping the system gain unvarying dur- 
ing the hill climbing control process. 

Fig. 16 is a timing chart showing the commu- 
nication of control data conducted through the 

4. . communication line 22 between the lens unit LU 

and the camera body CU of the camera system. In 
Fig. 16, a reference symbol V denotes the vertical 
sync signal of the TV signal which Is handled on 

*v the side of the camera body CU. A symbol CTL 

denotes controLdata which Is sent from the camera 
microcomputer '.21 disposed within the camera 
body CU to the lens microcomputer 10 disposed 
within the lens unit LU. A symbol LTC denotes 
detection data which indicates the lens state and is 
sent from the lens microcomputer 10 of the lens 

r^. unit LU to the camera microcomputer 21 . 

The control data from the camera microcom- 
puter 21 to the lens microcomputer 10 Is sent in 
packets and in the cycle of the vertical sync signal 
V. In reply to the control data from the camera 
microcomputer 21, the lens microcomputer 10 
sends lens state detection data relative to the con- 
trol data to the camera microcomputer 21 also in 
the cycle of the vertical sync signal V. The commu- 
nication of control data is conducted simultaneous- 
ly in both ways. However, the reply to the control 
data form the camera body side is sent in synchro- 
nism with a next cycle of the vertical sync signal V 
because of a length of time required in an actual 


process. In Fig. 16, arrow marks show this correla- 
tion. 

Fig. 17 shows the data arrangement in each 
packet of the control data CTL to be sent from the 

5 camera body side to the lens unit side and the lens 
state detection data LTC to be sent in reply from 
the lens unit side to the camera body side. The 
data CTL consists of parts serially arranged in the 
following order from its head: A header which is 

70 arranged to indicate the beginning of the data; a 
focus control data (AF data) area; an automatic 
exposure control data (AE data) area; and a spare 
data area which is provided for some other control 
purposes, such as zoom control data in the case of 

75 a zoom lens. The data LTC consists of parts seri- 
ally arranged in the following order, from its head: 
A header; an encoder data area provided for the 
shifted position or the like of the photo-taking lens 
which is obtained by focus adjustment and de- 

20 tected by the encoders 8; and another encoder 
data area provided for the area and shifting speed 
of aperture of the diaphragm 2, etc. detected by 
the encoders 8. 

The communication of control data and lens 

25 state detection data between the camera body and 
the lens unit is conducted, as mentioned above, in 
synchronism with the field period (vertical sync 
period) and in packets Including the AF and AE 
data. Therefore, the AF control is closely related to 

30 the field frequency. Further, in the case of AF 
control, the control over the AF motor Is also close- 
ly related to the field frequency. 

These relations are described in the following 
with reference to Figs. 18. 19 and 20: Fig. 18 

35 shows the operating principle of the so-called hill 
climbing method whereby the lens is driven in such 
a way as to cause the high-frequency component 
of the luminance signal to be obtained at a maxi- 
mum level. Assuming that the lens Is located at a 

40 point A In Fig. 18 when automatic focus adjustment 
(AF) begins and that the AF motor acts in the 
defocusing direction, a focus voltage drops accord- 
ing to the direction determining algorithm of the hill 
climbing method as well known. Therefore, the 

45 rotating direction of the AF motor is promptly cor- 
rected. The motor is driven In the reverse direction. 
When the lens position is brought by the action of 
the AF detecting circuit closer to an in-focus posi- 
tion, the motor speed is changed from a high 

50 speed to a low speed at another point B which is 
near to the in-focus point located at the peak of the 
hill. The motor speed reduction is effected for 
preventing hunting at the in-focus point. Next, when 
the lens position comes down from the peak of the 

55 hill by passing a point C (in-focus point) to a slight 
extent, the AF detecting circuit detects this. The 
lens is then brought to a stop in the in-focus point 
by shifting backward to a degree corresponding the 
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peak overpassing extent. 

The speed of the AF motor 6 which is dis- 
posed within the lens unit LU is controlled as 
follows: 

A PWM (pulse width modulation) control meth- 
od is generally employed for controlling the speed 
of the AF motor, because: Compared with the 
method of controlling the motor speed by changing 
a voltage applied to the motor, the PWM method 
gives a higher motor starting torque even in the 
event of a low speed. Hence, the PWM method is 
considered to be advantageous with respect to 
reduction in size of the motor and power consump- 
tion. 

As shown in Fig. 19, the AF motor control 
cycle, i.e., the PWM control cycle, coincides with 
the field cycle of the video camera in general. 
Hence, it is"-i/60 second in the case of the NTSC 
system. To :obtaln a motor speed as desired, the 
on-time T (see Fig. 19) of the PWM control is 
stored by the software of the lens microcomputer 
10. When an instruction for a low speed is sent 
from the AF microcomputer 20 via the camera 
microcomputer 21 to the lens microcomputer 10, 
the lens microcomputer 10 causes the AF motor to 
be driven under the PWM control which is ar- 
ranged to remain in an on-state for the period of 
time T. High and low speeds are set in such a way 
as to make the system gain of the hill climbing 
action unvarying according to the outputs of the 
various encoders 8. In other words, the period of 
time T of Fig. 19 varies according to the focal 
length and the aperture value. 

In a case where the lens unit is mounted on a 
camera body conforming to the PAL or SECAM 
system instead of the NTSC system, the cycle of 
the PWM control becomes 1/50 sec as shown in 
Fig. 20. If the period of time (on-time) T is set at 
V the same value as in the case of the NTSC system, 
, the motor speed becomes slower by about 20%. 

^ This causes^, a change in the focus adjustment 

driving state to lower the focusing speed and also 
, deteriorates the accuracy of the focusing action. In 

other words, the speed control for the purpose of 
preventing hunting at the in-focus point turns out in 
actuality to be a 20% setting miss of the AF motor 
, speed. This brings about a grave problem in terms 

of speed control characteristics. 

To solve this problem, therefore, the TV sys- 
tem is detected on the side of the lens unit by 
detecting the packet cycle (vertical sync period V) 
of the control data received from the camera body. 
Then, the AF motor speed control algorithm is 
changed over to an algorithm adapted to the TV 
system detected. This arrangement enables the 
embodiment to keep the characteristic of the AF 
motor speed control unvarying despite of the dif- 
ference in the control data communication cycle. 


More specifically, the pulse width (or on-time) T of 
the motor driving pulse signal is multiplied by 
60/50 to make it into a width T. This gives the 
same AF motor driving speed as the speed ob- 

5 tained in the case of the NTSC system. 

Fig. 21 is a flow chart showing the above- 
stated control algorithm. The basic steps of the 
algorithm are as follows: Step 1: The communica- 
tion begins with the lens unit LU mounted on the 

10 camera body CU. Step 2: A timer which is formed 
by the software within the lens microcomputer for 
the purpose of detecting the packet communication 
cycle and a counter which is also formed within the 
lens microcomputer for the purpose of counting 

75 headers are initialized. Step 3: The timer is started. 
Steps 4 and 5: The counted value of the counter is 
incremented by one every time the header informa- 
tion pattern of the packet transmitted is detected. 
Step 6: A check is made to see if the number of 

20 headers detected, i.e., the number of packets re- 
ceived, has reached 10 or more. If not, -the flow 
comes back to the step 4. If so, the flow comes to 
a step 7. Step 7: The timer is brought to a stop. 
Step 8: The timer operating time is averaged by 

25 averaging the periods of 10 packets to. find the 
time of one cycle. Step 9: A check is made to see 
if the time of one cycle is less than 18 msec. Step 
10: If the time of one cycle is found to be less than 
18 msec, the flow comes to the AF motor speed 

30 control algorithm suited to the vertical sync period 
V of the NTSC system. A speed corresponding to 
the control data received from the camera body is 
selected from a look-up table in which a plurality of 
speed control values are stored for driving the AF 

35 motor. Step 1 1 : The AF motor is driven accord- 
ingly. The above-stated look-up table is arranged 
as shown in Fig. 22. Referring to Fig. 22, the 
control data from the camera microcomputer in- 
cludes, for example, a total of 16 stepped values of 

40 AF motor speed data VI to V16. A plurality (16) of 
speed control values, i.e.. the pulse width (or on- 
time) of the motor driving signal which correspond 
respectively to these motor speed data VI to V16 
are stored in the look-up table. The arrangement 

45 which is thus made on the side of the lens -unit 
enables the camera body side to designate a lens 
driving speed by simply transmitting the AF speed 
data V1 to VI 6 to the lens unit. 

Further, if the time of one cycle is found to 

50 exceed 18 msec at the step 9, the flow comes to a 
step 12 provided for an AF motor speed control 
algorithm which is adapted for the vertical sync 
period V of the PAL system. At the step 12: A 
speed control value which corresponds to the con- 

55 trol data sent from the camera body side is se- 
lected with reference to the above-stated look-up 
table of the AF motor speed control values. At a 
step 13: The speed value selected at the step 12 is 
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corrected into a value apposite to the PAL system. 
After that, the flow comes to a step 1 1 to have the 
AF motor driven accordingly. The value of time 18 
msec is a threshold value set in consideration of 
that the vertical sync period V of the NTSC system 
is 16.7 msec and that of the PAL system is 20 
msec. 

In other words, the lens microcomputer is ar- 
ranged to count a length of time required in con- 
ducting the communication ten times (cycles) in- 
eluding the initializing action. A check is made to 

^ find whether the averaged value of one cycle of 

communication is 1/60 sec or 1/50 sec. The aver- 
age value is 1/60 sec in the case of the NTSC 
system and 1/50 sec in the case of the PAL or 

y.. ^ SECAM system. One of different algorithms which 

is adapted for the applicable TV system is selected 
n. . and executed by the lens microcomputer, 

A practicable example of AF motor speed con- 
trol is described as follows: In the case of the 
NTSC system, the on-time of the PWM control 
over the AF motor is set at a length of time T. In 
the event of the PAL or SECAM system which has 
the vertical sync period of 1/50 sec, the on-time of 
the PWM control over the AF motor is set at T' as 
shown in Fig. 20. In the PAL system, the vertical 
sync period is longer than the NTSC system. 
Therefore, correction is made to increase the motor 
driving pulse width in such a way as to obtain the 
same speed both for the two different TV systems. 
In an actual application, the driving pulse width of 
the PAL system is corrected by multiplying that of 
the NTSC system by 60/50. 

V. In the case of the embodiment described 

above, the lens microcomputer is arranged \o auto- 
matically detect the TV system employed by statis- 
tically measuring the packet transmission cycle. 

^ However, this arrangement may be changed to 

send the information about the TV system by using 
the spare area available within the packet. 

While the embodiment has been described as 
; arranged to detect the TV system through the 
packet transmission cycle, the TV system can be 
detected also by setting a TV system identification 
flag, as mentioned above, in the spare area which 
is provided within the control data as shown in Fig. 
17 and by detecting this flag on the side of the 
lens unit. Then, one of the AF motor driving al- 
gorithms adapted for the different TV systems can 
be selected as shown in Fig. 21 . This simplifies the 
above-stated TV system detecting algorithm which 
uses the vertical sync period V. 

In the case of AE control, a difference in in- 
struction cycle among TV cameras also brings 
about a difference in the response characteristic. 
The problem of hunting arises, especially in the 
event of a small, stopped-down aperture which 
gives a deep depth of field. To prevent hunting in 


controlling the diaphragm actuator 3, the AE control 
signal passes through a low-pass filter of a char- 
acteristic as shown in Fig. 23 when the diaphragm 
is found to have been stopped down to a small 

5 aperture. The low-pass filter is, for example, ar- 
ranged within the lens microcomputer in the form 
of a digital filter. Since the AE instruction cycle 
varies with the TV system, the digital filter is ar- 
ranged to have two different algorithms, one for the 

10 NTSC system and the other for the PAL or SECAM 
system. In Fig. 23, a reference symbol NTSC de- 
notes a low-pass filter characteristic adapted for the 
NTSC system and a symbol PAL a characteristic 
adapted for the PAL or SECAM system. In the 

75 event of the PAL or SECAM system, the cut-off 
frequency of the filter is lowered according to the 
difference in transmission cycle from the NTSC 
system, so that the hunting preventing effect also 
can be attained in the same manner as in the case 

20 of the NTSC system. 

In controlling a zoom lens, a change in char- 
acteristic due to the difference in the control data 
transmission cycle also occurs. Therefore, this in- 
vention is of course likewise applicable to a control 

25 arrangement for a zoom lens. 

In the camera system according to this inven- 
tion, as described in the foregoing, the TV system 
employed on the side of the camera body is de- 
tected on the side of the lens unit; and an ap- 

30 plicable driving algorithm is selected from among 
different algorithms provided on the side of the 
lens unit according to the TV system detected. The 
lens, therefore, can be driven at a given speed 
irrespectively of the signal processing method em- 

35 ployed on the side of the camera body. In accor- 
dance with this invention, therefore, deterioration in 
characteristic, a faulty action, etc. due to a dis- 
crepancy in signal processing method between the 
camera body and the lens unit can be effectively 

40 prevented. 

The camera system arrangement according to 
this invention thus enables the lens unit to have a 
perfect interchangeability among camera systems 
of different signal processing methods. The in- 

45 vented interchangeable lens system, therefore, can 
be used for all the TV cameras of the world in 
common with each other. 

A camera system having a lens unit provided 
with an actuator for changing the state of an optical 

50 system by driving a driving part and a driving 
circuit which drives the actuator on the basis of a 
driving control instruction signal supplied in a given 
periodicity from a control circuit disposed on the 
side of a camera body. The lens unit is character- 

55 ized In that the actuator driving timing of the driving 
circuit is arranged to differ from the timing at which 
the driving control instruction signal is supplied 
from the control circuit to the driving circuit. 
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Claims 


by said camera body. 


7. 


8. 


A lens unit detachably mountable on a camera 
body, comprising: 

a) driving means for varying an optical char- 5 
acteristic of said lens unit; 

b) discriminating means for discriminating a 
characteristic of a control information signal 
transmitted from said camera body; and 

c) control means for changing a driving w 
characteristic of said driving means accord- 
ing to the result of a discrimination made by 

said discriminating means. 

A lens unit according to claim 1, wherein said 75 
control means has a memory for storing driv- 
ing information for said driving means and 
controlsisaid driving means by selecting driv- 
ing information from the contents of said mem- 
ory in accordance with said control information 20 
signal. 

A lens unit according to claim 2, wherein said 
driving information relates to a driving speed to 
be employed by said driving means. 25 

A lens unit according to claim 2 or 3, wherein 
said driving means includes a motor which is 
arranged to vary said optical characteristic, 
and wherein said motor is controlled by a 30 
pulse width modulation (PWM) signal on the 
basis of said control information signal and in 
synchronism with the periodicity of said control 
information signal. 

35 

A lens unit according to claim 4, wherein said 
control means is arranged to control an on- 
period of said PWM signal in accordance with 
a characteristic of said control information sig- 
nal. 40 

A lens unit according to claim 5, wherein the 
characteristic of said control information signal 
is a vertical synchronizing signal frequency 
conforming to a TV signal system employed 45 
by said camera body, and wherein said dis- 
criminating means is arranged to discriminate 
the periodicity of said control information sig- 
nal transmitted from said camera body. 

50 

A lens unit according to claim 6, wherein said 
driving means is a focus control means for 
adjusting focus of said optical system. 

A lens unit according to claim 5, wherein the 55 
characteristic of said control information signal 
is a vertical synchronizing signal frequency 
conforming to a TV signal system employed 


9. A lens unit according to claim 1. wherein said 
driving means is an exposure control means. 

10. A lens unit according to claim 9, wherein said 
driving means includes an integrating circuit 
which is arranged to detect the quantity of 
incident light by integrating an image signal in 
a predetermined periodicity, and wherein said 
control means is arranged to vary a cut-off 
frequency of said integrating circuit according 
to the result of a discrimination made by said 
discriminating means. 

11. A camera having a lens unit detachably moun- 
ted thereon, comprising: 

a) driving means arranged to vary an op- 
erating state of said lens unit; 

b) control means arranged to output control 
information for controlling said - driving 
means; and 

c) communication means for transmitting to 
said driving means said control information 
by adding thereto identifying information 
which indicates a signal processing method 
employed by said camera. 

12. A camera according to claim 11, wherein said 
control means is provided with a memory for 
storing driving information for said driving 
means and is arranged to control said driving 
means by selecting driving information for said 
driving means from among the contents of said 
memory according to said control information. 

13. A camera according to claim 12, wherein said 
driving information indicates a driving speed to 
be employed by said driving means. 

14. A camera according to claim 13. wherein said 
driving means includes a motor for varying an 
optical characteristic of said lens unit and is 
arranged to control said motor by a pulse 
width modulation (PWM) signal on the basis of 
said control information and in synchronism 
with the periodicity of said control information 
signal. 

15. A camera according to claim 14, wherein said 
control means is arranged to control an on- 
period of said PWM signal in accordance with 
a characteristic of said control information sig- 
nal. 

16. A camera according to claim 15, wherein said 
identifying information indicates a vertical syn- 
chronizing signal frequency of a TV signal sys- 
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tern employed by said camera. 

17. A camera according to claim 16. wherein, said 
communication means is arranged to transmit 
said control information in synchronism with 
the vertical synchronizing signal frequency of a 
TV signal employed by said camera. 

18. A camera according to claim 17, wherein said 
driving means is a focus control means for 
adjusting focus of said lens unit. 

19. A camera according to claim 11. wherein said 
driving means is an exposure control means. 

20. A camera according to claim 19, wherein said 
driving means includes an integrating circuit 
which integrates an image signal in a predeter- 
mined periodicity to detect the quantity of in- 
cident light, and wherein said control means is 
arranged to vary a cut-off frequency of said 
integrating circuit in accordance with a dis- 
crimination made by discriminating means. 

21. A camera according to claim 20, wherein said 
communication means is arranged to transmit 
said control information in synchronism with 
the periodicity of a vertical synchronizing sig- 
nal of a TV signal handled by said camera, 
and wherein said discriminating means is ar- 
ranged to discriminate the periodicity of the 
vertical synchronizing signal. 

22. A camera system having a Camera body and a 
lens unit which is detachably mountable on 
said camera body, comprising: 

a) driving means for varying the state of an 
optical system disposed on the side of said 
lens unit; 

b) transmission means for transmitting, from 
said camera body to said lens unit, driving 
information required for varying the state of 
said optical system and identifying informa- 
tion corresponding to a signal processing 
method employed by said camera body; 
and 

c) control means arranged to control and 
vary an operating state of said optical sys- 
tem of said fens unit on the basis of said 
driving information and to vary a control 
characteristic of said driving means on the 
basis of said identifying information. 

23. A camera system according to claim 22, 
wherein said transmission means is arranged 
to transmit said information of different kinds in 
synchronism with a vertical synchronizing sig- 
nal frequency of a TV signal handled by said 


camera body. 

24. A camera system according to claim 23, 
wherein said identifying information is a signal 

5 indicating the vertical synchronizing signal fre- 

quency of said TV signal. 

25. A camera system according to claim 24, 
wherein said driving means is a focus adjust- 

10 ing means, and wherein said control means 

controls a driving speed of said driving means 
according to said identifying information. 

26. A system according to claim 24, wherein said 
15 driving means is an exposure control means, 

and wherein said control means controls, ac- 
cording to said identifying information, a time 
constant of integrating means for detecting the 
quantity of incident light. 
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